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Purpose: The purpose of this study was to evaluate lower extremity venous function in patients with chronic venous
insufficiency, with foot venous pressure (FVP) measurements and air plethysmography (APG).
Methods: Eighty-five limbs of 63 patients with a history of chronic venous insufficiency (CVI) from 1995 to 1999 were
studied. FVP parameters studied included ambulatory venous pressure (AVP), percent decrease in FVP with manual calf
compression (%drop), ratio of increase in FVP over 4 seconds after release of compression (4SR%), and time to 90%
recovery of FVP were measured. APG parameters studied included functional venous volume, 90% refilling time
(VFT90), venous filling index, ejection fraction, and residual volume fraction.
Results: Venous filling index and 90% refilling time were significantly decreased in limbs with stasis syndrome compared
with the control group. AVP, %drop, and 4SR% also showed significantly decrease in limbs with stasis syndrome
compared with those without it. AVP, %drop, and 4SR% were significantly different for the primary group compared with
the secondary group, whereas no differences were found with regard to any APG parameter.
Conclusions: APG enables prediction of the presence of CVI, whereas FVP measurements are more useful for evaluation
of clinical severity of CVI. (J Vasc Surg 2003;38:804-11.)
Ambulatory venous hypertension can cause stasis ulcers
in patients with chronic venous insufficiency (CVI), and
ambulatory venous pressure (AVP) has been the standard
parameter used to evaluate CVI.1-5 Recently air plethys-
mography (APG) has been reported as a useful method for
assessing severity of CVI, because it is less invasive and
accurate.6-12 We evaluated limbs with CVI based on foot
venous pressure (FVP) measurements and APG findings to
determine which method was more useful in evaluation of
severity of CVI.
MATERIAL AND METHODS
From January 1995 to April 1999, 85 limbs of 63
patients with CVI were evaluated. All patients underwent
FVP measurements and APG simultaneously. There were
27 men and 36 women, ranging in age from 19 to 78 years
(mean, 55.6 years).
The clinical features of CVI were assessed according to
the clinical, etiologic, anatomic, and pathophysiologic
(CEAP) classification of the American Venous Forum.13
Clinical classification. Class 1 CVI was present in 3
limbs, class 2 in 30 limbs, class 3 in 20 limbs, class 4 in 19
limbs, class 5 in 2 limbs, and class 6 in 11 limbs. On the
basis of skin changes (stasis syndrome), we compared C1-3
limbs (n  53) with C4-6 limbs (n  32).
Etiologic classification. Three categories of venous
dysfunction were identified: congenital in 4 limbs, primary
in 71 limbs, and secondary in 10 limbs. In the congenital
group, Klippel-Trenaunay syndrome was the cause in 3
limbs, and venous dysplasia in 1 limb. In the primary group,
limbs had varicose veins without deep vein thrombosis
(DVT). In the secondary group, 4 limbs had DVT without
recanalization, and 6 limbs had postthrombotic syndrome
with recanalization. With respect to clinical classification, in
the congenital group, class 2 disease was present in 1 limb,
class 3 in 1 limb, and class 4 in 2 limbs; in the primary
group, class 1 disease was present in 3 limbs, class 2 in 29
limbs, class 3 in 16 limbs, class 4 in 14 limbs, class 5 in 1
limb, and class 6 in 8 limbs; and in the secondary group,
class 3 disease was present in 3 limbs, class 4 in 3 limbs, class
5 in 1 limb, and class 6 in 3 limbs (Table).
Anatomic and pathophysiologic classification. The
severity of deep venous dysfunction was determined based
on location and anatomic extent of venous reflux or
obstruction.
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Class 1 Class 2 Class 3 Class 4 Class 5 Class 6
Congenital 1 1 2
Primary 3 29 16 14 1 8
Secondary 3 3 1 3
Total 3 30 20 19 2 11
804
Fig 1. Measurements of foot venous pressure (FVP). P-rest, Resting FVP; AVP, ambulatory venous pressure
(postcompression venous pressure; PCVP); %drop, percent decrease in FVP with manual calf compression; 4SP,
pressure 4 seconds after release of compression; 4SR%, rate of increase in FVP over 4 seconds; RT50, time required for
50% recovery of FVP.
Fig 3. Foot venous pressure (FVP) measurements. Comparison between various parameters and CVI clinical stage.
Values expressed as mean  SD. AVP, Ambulatory venous pressure; %drop, percent decrease in FVP with manual calf
compression; 4SR%, ratio of increase in FVP over 4 seconds after release of compression; RT50, RT90, time to 50% and
90% recovery, respectively, of FVP.
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Seventy-one limbs with varicose veins without DVT
(primary, Ep) were classified into three groups according to
severity of deep venous reflux at descending phlebography.
Group 1: superficial reflux only (Ep, As, P2,3,r)
Group 2: superficial reflux and mild deep venous reflux (Ep,
As,d, P2,3,13,r)
Group 3: superficial reflux and severe deep venous reflux
(Ep, As,d, P2,3,13,14,r)
In this series, 31 limbs were in group 1, 23 in group 2,
and 17 in group 3.
Measurement of FVP. A 21-gauge butterfly needle
inserted into the medial digital vein of the great toe for
ascending phlebography was connected to a transducer for
continuous recording of FVP. Resting FVP (Prest) was first
measured with the patient standing on the unexamined leg,
with the knee joint of the examined leg slightly flexed. The
calf was manually compressed 10 to 12 times. FVP de-
creased and reached a plateau, defined as AVP.
Percent decrease in FVP (%drop) was calculated as Prest
 AVP/Prest. During recovery of FVP after release of
compression, the following parameters were measured:
pressure at 4 seconds after release of compression (4SP),
rate of increase in FVP over the 4 seconds (4SR% [4SP
AVP)/(Prest  AVP]), and time required for 90% recovery
of FVP from AVP (RT90)14-16 (Fig 1).
Fourteen limbs of healthy volunteers aged 25 to 32
years (mean, 28.5 years) with no varicose veins were used as
control limbs. Data for this group were as follows: AVP,
25.2 4.9 mm Hg; %drop, 71.9% 5.1%; 4SR%, 12.9%
7.8%; and RT90, 41.6  28.7 seconds.
Air plethysmography. Air plethysmography was per-
formed with the APG 1000 (ACI Medical, Sun Valley,
Calif) according to the protocol described by Christopou-
los et al6-9 (Fig 2, online only). The technique has been
previously reported in detail. Parameters assessed included
venous volume (VV), venous filling index (VFI), ejection
fraction (EF), residual volume fraction (RVF), and 90%
refilling time (VFT90).
Forty limbs of healthy volunteers aged 28 to 65 years
(mean, 38.5 years) with no varicose veins served as control
limbs. Data for this group were as follows: VV, 92.9 24.2
mL; VFT90, 50.6  23.3 seconds; VFI, 1.93  0.81
mL/s; EF, 50.5%  14.4%; and RVF, 30.3%  15.9%.
Statistical analysis. Data are expressed as mean SD.
Statistical analysis was carried out with post hoc testing with
the Scheffe F test. P  .05 was considered statistically
significant.
Fig 4. Air plethysmography. Comparison between various parameters and CVI clinical stage. Values expressed as mean
 SD. VV, Function venous volume; VFT90, 90% refilling time; VFI, venous filling index; EF, ejection fraction; RVF,
residual volume fraction.
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RESULTS
Comparison of various parameters and clinical stage
FVP measurements. All values were significantly
worse in the C4-6 group compared with the control group.
Fifty percent recovery of foot pressure (RT50) and RT90
also showed significantly worse values in the C1-3 group
compared with the control group, whereas no significant
differences were observed between the C1-3 and C4-6
groups. In contrast, wheres values for AVP, %drop, and
4SR% showed no significant differences between the con-
trol group and the C1-3 group, there were significant dif-
ferences between the C1-3 group and the C4-6 group (Fig
3).
Air plethysmography. VFT90, VFI, and EF values
were significantly worse in the C1-3 group compared with
the control group. VV, VFT90, VFI, and RVF were signif-
icantly worse in the C4-6 group compared with the control
group. However, there were no significant differences be-
tween the C1-3 and C4-6 groups regarding any of these
parameters (Fig 4).
Comparison of various parameters and etiologic stage
FVP measurements. All parameters showed signifi-
cantly worse values in the secondary group than in the
control group. RT50 and RT90 showed significant differ-
ences between the control group and the primary group. In
contrast, there were no significant differences between the
primary group and the secondary group. In addition, AVP,
%drop, and 4SR% values showed no significant differences
between the control group and the primary group, whereas
there were significant differences between the primary
group and the secondary group (Fig 5).
Air plethysmography. All parameters showed signif-
icant differences between the control group and the pri-
mary group. VFI and VFT90 were significantly worse in the
secondary group compared with the control group. How-
ever, there were no significant differences between the
primary group and the secondary group (Fig 6).
Comparison of various parameters and anatomic and
pathophysiologic stage
FVP measurements. RT90 showed smaller values as
deep venous reflux increased. All parameters were worse in
Fig 5. Foot venous pressure (FVP) measurements. Comparison between various parameters and etiologic stage.Values
expressed as mean  SD. AVP, Ambulatory venous pressure; %drop, percent decrease in FVP with manual calf
compression; 4SR%, ratio of increase in FVP over 4 seconds after release of compression; RT50, RT90, time to 50% and
90% recovery, respectively, of FVP.
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group 3 than in group 1 and group 2, although there were
no significant differences among the three groups except
for RT90 between group 1 and group 3 (Fig 7).
Air plethysmography. None of the parameters
showed significant differences among the three groups.
However, VFT90 value was smaller in group 3 (Fig 8).
DISCUSSION
CVI is defined as abnormal function of the venous
system caused by venous valvular incompetence or associ-
ated venous outflow obstruction. Venous dysfunction re-
sults from either a congenital or an acquired disorder.13 It
is generally agreed that venous stasis syndrome results from
venous hypertension due to disease of the deep veins,
superficial veins, or communicating veins.17 Ambulatory
venous hypertension is the presumed basis for the subjec-
tive and objective manifestations of CVI.18 Thus AVP has
been recognized as the standard parameter for evaluation of
venous function. Recently several methods have become
available for quantitative evaluation of CVI, such as duplex
scanning, strain gauge plethysmography, and air plethys-
mography.19,20 In particular, APG was developed for clin-
ical use as a substitute for phlebography and ambulatory
venous pressure measurements because it is noninvasive
and provides more information.7-9 We routinely use phle-
bography, duplex scanning, and FVP measurements in
patients with CVI.14-16 AVP is generally estimated with a
tiptoe exercise or manual calf compression. The tiptoe
exercise duplicates the physiologic response that occurs in
daily living better than manual calf compression does.
However, we previously demonstrated that manual calf
compression had higher reproducibility than the tiptoe
technique, because with the tiptoe exercise extravasation is
possible. Therefore we use manual calf compression to
obtain AVP. AVP should more correctly be called post-
compression venous pressure.15,16
In 1995 we began using APG values, in addition to
conventional procedures, to evaluate CVI. However, there
was no relationship between RVF determined with APG
and AVP determined with FVP measurements, although
previous reports insisted on their direct correlation.9-11 In
the present study we evaluated limbs with CVI based on
FVP measurements and APG findings to determine which
method was more useful for evaluation of severity of CVI.
Regarding APG findings, VFI and VFT90 showed
significantly decreased values in limbs with stasis syndrome
compared with control limbs, but no APG values were
significantly different between the C1-3 group and the C4-6
Fig 6. Air plethysmography. Comparison between various parameters and etiologic stage. Values expressed as mean
SD. VV, Function venous volume; VFT90, 90% refilling time; VFI, venous filling index; EF, ejection fraction; RVF,
residual volume fraction.
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group. In addition, EF and RVF values did not reflect
exactly the venous hemodynamic state in patients with
different degrees of clinical disease, but VFI is a useful
parameter for presence of venous disease because of its time
and volume factor. Labropoulos et al21 reported that VV,
VFI, and RVF values worsened with progression of CVI,
and showed significant differences between limbs with CVI
without stasis syndrome and those with stasis syndrome.
Criado et al22 also reported that VFI enabled some predic-
tion of the incidence of venous ulceration, although EF and
RVF have no clear effect on incidence of venous ulceration.
Van Bemmelen et al23 also reported that APG parameters
did not effectively differentiate limbs with CVI from limbs
with uncomplicated varicose veins. They concluded the
VFI is the most useful diagnostic parameter measured with
APG, and EF and RVF appear to have little clinical appli-
cability. Our data also suggest that VFI is the only predict-
able parameter.
Regarding FVP measurement, AVP, %drop, and 4SR%
values showed significant differences between the C1-3 and
C4-6 groups. In addition, there were significant differences
between the primary group and the secondary group,
though no APG values demonstrated this. Among these
values, 4SR% was especially useful for venous hemodynamic
studies, because it indicated not only pressure change but
also refilling time. Furthermore, RT50 and RT90 values
were useful for hemodynamic studies of the varicose veins.
In our previous study, higher prevalence of skin changes
due to venous insufficiency was associated with poor
%drop, 4SR%, and RT50 values. In patients with %drop less
than 50%, 4SR% more than 50%, and RT50 less than 4
seconds, venous stasis syndrome was found in more than
50% of limbs. These FVP measurements closely reflected
the clinical manifestations.15
Two limbs in the congenital group had deep venous
reflux. Four limbs in the secondary group had complete
obstruction of superficial deep veins and no reflux, and 6
limbs in the secondary group had deep venous reflux at
descending phlebographic examination. Venous reflux in
these congenital and secondary groups was essentially dif-
ferentiated from primary valve insufficiency in etiology and
venous circulation system. If all patients were included
according to the deep venous reflux without consideration
of different etiologic classification, the data were confusing.
Thus we divided the primary group into three categories
according to deep venous reflux. No significant differences
Fig 7. Foot venous pressure (FVP) measurements. Comparison between various parameters and anatomic and
pathophysiologic stage. Values expressed as mean SD. AVP, Ambulatory venous pressure; %drop, percent decrease in
FVP with manual calf compression; 4SR%, ratio of increase in FVP over 4 seconds after release of compression; RT50,
RT90, time to 50% and 90% recovery, respectively, of FVP.
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were found among the three groups, except for RT90
between group 1 and group 3. None of the parameters
obtained at APG showed significant differences among the
three groups. Severe reflux of the superficial or perforator
veins tends to accompany deep venous reflux, but not
always. Thus there were no significant differences in sever-
ity of deep venous reflux between APG and FVP measure-
ments. Further investigation is needed.
Regarding which method of FVP and APG is more
useful for evaluation of severity of CVI, APG values based
on venous volume change demonstrated significant differ-
ences between normal limbs and varicose veins without
stasis syndrome, but did not reflect exactly the venous
hemodynamic state with progression of clinical severity. On
the other hand, FVP values based on venous pressure
change demonstrated significant differences between vari-
cose veins without stasis syndrome and those with stasis
syndrome, and reflected the venous hemodynamic state.
FVP measurements suggested that limbs without stasis
syndrome had lower AVP compared with normal limbs.
Furthermore, limbs with stasis syndrome had higher ve-
nous pressure than those without stasis syndrome. Thus
venous pressure changes were more important in predicting
clinical severity in patients with CVI than venous volume
changes. However, stasis syndrome has various causes, such
as duration of disease, distribution of reflux, calf muscle
pump dysfunction, tissue hypoxia, and venous hyperten-
sion, among others, as wall as severity of deep venous
reflux. In addition, lack of statistical significance for APG
values between the C1-3 and C4-6 groups may reflect lack of
statistical power because of the small number of patients. A
further investigation will be necessary.
In conclusion, APG is a good screening examination
for CVI, because of its noninvasive nature, its usefulness for
longitudinal studies, and its ability to differentiate func-
tional parameters between control subjects and patients
with significant venous disease. FVP measurement is con-
sidered more useful for evaluation of clinical severity of
CVI.
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